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Abstract. microRNA (miR)‑483‑3p has previously been 
demonstrated to be a tumor suppressor in many types of cancer 
cells, however it is unknown whether miR‑483‑3p is involved 
in the regulation of breast cancer. Therefore, the aim of the 
present study was to investigate the effects of miR‑483‑3p on 
breast cancer. The results demonstrated that the expression of 
miR‑483‑3p was decreased, especially in MCF‑7 cells. The 
results of CCK‑8 assay and cell cycle analysis demonstrated 
that miR‑483‑3p significantly reduced cell proliferation and 
inhibited MCF‑7 cells in the G1 phase from entering the 
S phase (P<0.01). It was also demonstrated that Cyclin E1 
(CCNE1) is a target gene of miR‑483‑3p using bioinformatics 
and a dual luciferase reporter assay. miR‑483‑3p inhibited 
the expression of CCNE1, cyclin‑dependent kinase 2, nuclear 
protein ataxia‑telangiectasia (NPAT) and phosphorylated 
NPAT. Therefore, the results indicated that miR‑483‑3p func-
tions as a tumor suppression in breast cancer and CCNE1 
is its target gene. Downstream genes of CCNE1 were also 
repressed by miR‑483‑3p. Therefore, these findings suggest 
that miR‑483‑3p is a key factor in breast cancer.

Introduction

Breast cancer is one of the most prevalent malignant tumors 
in females. It typically occurs between the ages of 40 and 
60 years and has a high prevalence in females prior to and 
following the menopause (1). In 2016, breast cancer accounted 
for 29% of cancer diagnoses in females and became the 
leading cause of female associated mortality in females 

in the United States (2,3). The causes of breast cancer are 
complex  (4), therefore it is necessary to identify a novel 
treatment strategy.

Cyclin E1 (CCNE1) gene is a member of the highly 
conserved cyclin family. It encodes G1/S‑specific cyclin‑E1 
protein and is a positive regulator in the cell cycle (5). The 
overexpression of CCNE1 in tumors may contribute to tumori-
genesis (6,7). CCNE1 is critical in ovarian cancer tumor growth 
and proliferation (6). Additionally, it is a novel translocation 
partner of the immunoglobulin heavy chain locus and a novel 
oncogene in B cell lymphomagenesis (8). CCNE1 was first 
implicated in breast cancer (9,10). The abnormal expression 
of CCNE1 is associated with high proliferation rates, particu-
larly in the estrogen receptor‑phenotype in breast cancer (11). 
Stratified analysis has previously indicated that CCNE1 may 
be a factor and molecular marker for breast cancer and survival 
in the Chinese Han population (11).

It has been demonstrated previously that microRNAs 
(miRNAs or miRs) serve a role in the regulation of CCNE1. 
miR‑15a has been identified as an anti‑tumor miRNA in breast 
cancer via targeting of CCNE1 (5). In addition, the human 
hepatocellular carcinoma cell cycle was arrested at G1 to S 
transition by miR‑7 and similarly, CCNE1 was identified as its 
target gene (12). miR‑16‑1 also serves a vital role in the regula-
tion of cell cycle processes and downregulates the expression 
of CCNE1 in cervical cancer (13). The present study aimed to 
investigate the effects of miR‑483‑3p on cell growth, apop-
tosis, migration, invasion and the cell cycle in breast cancer 
via targeting CCNE1.

Materials and methods

Cell culture and transfection. Three breast cancer cell lines, 
MCF‑7, T47D, MDA‑MB‑231 and normal breast cell line 
MCF‑10A (America Type Culture Collection, Manassas, 
VA, USA), were incubated with RPMI‑1640 (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.), in 
an atmosphere of 5% CO2 at 37˚C. Cells were then seeded 
in 6‑well plates (5x105 cells/well) at a cell density of 70‑90% 
and transfected using Lipofectamine® 3000 reagent (Thermo 
Fisher Scientific, Inc.) and 50 nM mature miR‑483‑3p mimics 
(UCA​CUC​CUC​UCC​UCC​CGU​CUU; Guangzhou RiboBio 
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Co., Ltd., Guangzhou, China) for 48  h according to the 
manufacturer's protocols. A non‑homologous miRNA mimics 
control (cat. no. miR01201‑1‑5; Guangzhou RiboBio Co., Ltd.) 
was used as a negative control.

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). T47D, MDA‑MB‑231, 
MCF‑7 and MCF‑10A cells were cultured in 6 well plates 
(5x105 cells/well) and total RNA was isolated using a High 
Purity Total RNA Extraction kit (Bioteke Corporation, Beijing, 
China). Total RNA was then reverse‑transcribed into cDNA 
using a PrimeScript RT Master Mix (Takara Biotechnology 
Co., Ltd., Dalian, China) according to the manufacturer's 
protocol. qPCR was performed at 95˚C for an initial 10 min, 
followed by 40 cycles of denaturation at 95˚C for 30  sec, 
annealing at 55˚C for 30 sec and extension at 72˚C for 30 sec 
using SYBR Premix Ex Taq (Takara Biotechnology Co., 
Ltd.). mRNA relative expression levels were calculated using 
the 2‑ΔΔCq method (14). GAPDH was used as the endogenous 
control for calculating the gene expression and U6 was used 
as a control for microRNA expression. The primers used for 
qPCR are presented in Table I. The expression of miR‑483‑3p 
was the lowest in MCF‑7 cells. Thus subsequent experiments 
were only performed on MCF‑7 cells.

Western blot analysis. Total protein was extracted from 
MCF‑7 cells (1x107) using radioimmunoprecipitation buffer 
containing 1% phenylmethane sulfonyl fluoride protease 
inhibitor (Beyotime Institute of Biotechnology, Haimen, 
China). A BCA Protein assay kit was then used to determine 
protein concentration. Proteins (30 µg/lane) were separated 
by 10% SDS‑PAGE and transferred to a polyvinylidene 
difluoride membrane (EMD Millipore, Billerica, MA, USA). 
The membrane was then blocked with 3% bovine serum 
albumin (Biosharp, Shanghai, China) at room temperature for 
2 h and incubated with primary antibodies against CCNE1 
(1:500; cat no. ab3927), cyclin‑dependent kinase 2 (CDK2; 
1:1,000; cat no. ab32147), nuclear protein ataxia‑telangiectasia 
(NPAT; 1:1,000; cat no. ab70595), phosphorylated (p)‑NPAT 
(1:1,000; cat no.  ab70595) and GAPDH (1:5,000; cat 
no. ab8245; all Abcam, Cambridge, UK) overnight at 4˚C. 
Following washing with 1X Tween20 in Tris buffered solution 
three times, samples were incubated with a goat anti‑mouse 
horseradish peroxide (HRP)‑conjugated secondary antibody 
(1:5,000; cat no. ab205719) or goat anti‑rabbit HRP‑conjugated 
secondary antibody (1:5,000; cat no. ab205718; both Abcam) 
at room temperature for 2 h. The membrane was visualized 
using an enhanced chemiluminescence kit (Beyotime Institute 
of Biotechnology, Haimen, China).

Cell proliferation assay. MCF‑7 cells (1x105) were seeded 
in a 96‑well plate and cultured at 37˚C with 5% CO2 and 
transfected with miRNA mimics or negative controls. A cell 
counting kit (CCK)‑8 kit (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was subsequently used to measure cell 
proliferation. Briefly, following transfection and incubation 
at 37˚C for 24 h, 10 µl CCK‑8 solution was added to each 
well of the plate. Following 4 h incubation, absorbance was 
measured at a wavelength of 450 nm using a microplate 
reader.

Wound healing assay. The migration ability of MCF‑7 cells 
was detected using a wound healing assay. MCF‑7 cells 
(5x105/well) were seeded in 6‑well dishes. Following transient 
transfection, cells were incubated for 12 h in a humidified 
incubator at 37˚C with 5% CO2. A ‘wound’ was created in 
each culture using a sterilized 1 ml pipette. The debris was 
washed with PBS and cells were incubated with serum‑free 
RPMI‑1640 medium at 37˚C for 48 h. The cell migration area 
was quantified by observing images taken under a light micro-
scope (Olympus Corporation, Tokyo, Japan) at a magnification 
of x100. Images were analyzed by ImageJ software (version 
1.48; National Institutes of Health, Bethesda, MD, USA). 
Migration was quantified by counting the cell numbers from 
five fields in the wound area. Experiments were carried out in 
triplicate, at least three times.

Migration assay. MCF‑7 cell migration was investigated using 
24‑well plates. Briefly, following transfection, 2.5x105 cells 
were resuspended and incubated in RPMI‑1640 medium 
without serum and seeded in the upper chamber of a Transwell 
insert at 37˚C for 48 h. RPMI 1640 containing FBS medium 
was added to the lower chamber. Cells were fixed using 
4% paraformaldehyde at room temperature for 30 min and 
stained using 0.1% crystal violet (Sigma‑Aldrich; Merck 
KGaA) at room temperature for 20 min. The migratory status 
of MCF‑7 cells was observed under a light microscope at a 
magnification of x200 and assessed by the relative number of 
migrated cells.

Bioinformatics, vector construction and dual luciferase 
reporter assay. The sequence of CCNE1 3'‑untranslated 
region (UTR) was predicted to interact with miR‑483‑3p using 
TargetScan (www.targetscan.org/vert_71/). The fragments of 
CCNE1, containing a wild‑type 3'UTR (CCA​ACA​UGG​UGA​
AAC​CCC​GUC​UC) or mutated (CCA​ACA​UGG​UGA​AAC​
UUU​AGC​UC), were inserted into the psiCHECK™‑2 vector 
(Promega Corporation, Madison, WI, USA). Then MCF‑7 cells 
were transfected using Lipofectamine® 3,000 reagent (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's proto-
cols. Following 24 h incubation of MCF‑7 cells in RPMI‑1640 
medium at 37˚C, luciferase activity was measured using the 
Dual‑Glo luciferase assay system (Promega Corporation). 
Renilla luciferase activity served as the internal control.

Cell cycle assay. Following transfection, MCF‑7 cells were 
harvested when they reached 80% confluence and fixed with 
70% ice‑cold ethanol at 4˚C for 1 h. Cells were washed with 
PBS and stained with 0.1% (m/v) propidium iodide (BD 
Biosciences, Franklin Lakes, NJ, USA) in the dark at room 
temperature for 1 h. The cell cycle was analyzed by flow cytom-
etry using a FACSCalibur flow cytometer (BD Biosciences). 
The percentages of cells in the G0/G1, S and G2/M phases 
were then determined by FlowJo software (version 7.6.1; 
FlowJo LLC, Ashland, OR, USA).

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean and experiments were repeated in triplicate. 
Statistical differences were identified using Student's t‑test or 
one‑way analysis of variance followed by the Dunnett's t‑test. 
Statistical analysis was performed using SPSS 20.0 (IBM 
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Corp., Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑483‑3p is downregulated in breast cancer cells. 
RT‑qPCR was performed to determine the level of miR‑483‑3p 
expression in normal breast cell and breast cancer cells. The 
expression of miR‑483‑3p was significantly reduced in T47D, 
MDA‑MB‑231 and MCF‑7 breast cancer cells compared 
with MCF‑10A normal breast cells (Fig. 1A). These results 
suggest that miR‑483‑3p may serve a role in breast cancer 
progression.

miR‑483‑3p decreases MCF‑7 cell proliferation. The effect 
of miR‑483‑3p on cell proliferation in breast cancer was 
investigated by transfecting MCF‑7 cells with miR‑483‑3p 
mimics (Fig. 1B). The results of the CCK‑8 assay indicated 
that overexpression of miR‑483‑3p significantly inhibited cell 
proliferation compared with the mimic control group (Fig. 2). 
In addition, the cell cycle assay demonstrated that overexpres-
sion of miR‑483‑3p significantly retained MCF‑7 cells in the 
G1 phase, preventing them from entering the S phase (Fig. 3). 
These results suggest that miR‑483‑3p regulates MCF‑7 cell 
proliferation.

miR‑483‑3p downregulates the expression of CCNE1, CDK2, 
NPAT and p‑NPAT. RT‑qPCR and western blotting were used 

to measure the expression of CCNE1, CDK2 and p‑NPAT 
following transfection, to further analyze the regulation of 
the cell cycle by miR‑483‑3p in MCF‑7 cells. The results 
of RT‑qPCR demonstrated that miR‑483‑3p overexpres-
sion significantly downregulated the expression of CCNE1, 
CDK2 and NPAT mRNA compared with that in the mimic 
control group (Fig. 4A‑C). The results of western blotting 
also suggested that miR‑483‑3p overexpression markedly 
downregulated the expression of CCNE1, CDK2, NPAT and 
p‑NPAT protein compared with the mimic control group 

Figure 1. Expression of miR‑483‑3p in non‑malignant breast epithelial cells and breast cancer cells. (A) miR‑483‑3p was downregulated in breast cancer cell 
lines T47D, MDA‑MB‑231 and MCF‑7 compared with MCF‑10A cells. Data are expressed as the mean ± standard error of the mean and experiments were 
repeated in triplicate. *P<0.05, **P<0.01 vs. MCF‑10A cells. (B) Reverse transcription‑quantitative polymerase chain reaction indicated that miR‑483‑3p was 
upregulated in MCF‑7 cells transfected with miR‑483‑3p mimics. Data are expressed as the mean ± standard error of the mean and experiments were repeated 
in triplicate. **P<0.01 vs. the mimic‑con group. miR‑483‑3p, microRNA‑483‑3p; mimic‑con, mimic‑control group.

Figure 2. Cell proliferation in MCF‑7 cells following transfection with 
miR‑483‑3p mimics. Overexpression of miR‑483‑3p suppresses MCF‑7 
cell proliferation in cells transfected with miR‑483‑3p mimics. Data are 
expressed as the mean ± standard error of the mean and experiments were 
repeated in triplicate. **P<0.01 vs. the mimic‑con group. miR‑483‑3p, 
microRNA‑483‑3p; mimic‑con, mimic‑control group.

Table I. Primer sequences.

Gene	 Forward (5'‑3')	 Reverse (5'‑3')

CCNE1	 TTCTTGAGCAACACCCTCTTCTGCAGCC	 TCGCCATATACCGGTCAAAGAAATCTTGTGCC
CDK2	 CTGCTTCCTGTTGGCTCTTTCT	 CTTTGTTTCTGCCTTCTCTCCT
NPAT	 TACACAGGTTACTCGACCAAGT	 GCGTCTACCGGGAGACATTAAA
U6	 CTCGCTTCGGCAGCACA	 AACGCTTCACGAATTTGCGT
miR‑483‑3p	 ACACTCCAGCTGGGTCACTCCTCTCCTCC	 TGGTGTCGTGGAGTCG
GAPDH	 GCACCGTCAAGGCTGAGAAC 	 TGGTGAAGACGCCAGTGGA

CCNE1, cyclin E1; CDK2, cyclin‑dependent kinase 2; NPAT, nuclear protein ataxia‑telangiectasia; miR‑483‑3p, microRNA‑483‑3p.
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(Fig. 4). These results, therefore indicated that miR‑483‑3p 
suppressed MCF‑7 cell proliferation.

miR‑483‑3p inhibits the migration ability of MCF‑7 cells. 
The role of miR‑483‑3p in the migration of breast cancer cells 
was demonstrated using wound healing and Transwell assays 
to observe the migration of MCF‑7 cells following transfec-
tion. miR‑483‑3p overexpression significantly inhibited the 
wound healing ability of MCF‑7 cells compared with the 
mimic control group (Fig. 5A and B). In addition, miR‑483‑3p 
overexpression also significantly reduced the migration ability 
of MCF‑7 cells compared with the mimic control group 
(Fig. 5C and D). These findings indicated that miR‑483‑3p 
attenuates the migration ability of MCF‑7 cells.

CCNE1 is the target of miR‑483‑3p. The molecular 
mechanism of miR‑483‑3p in regulating cell proliferation was 

determined by predicting the targets of miR‑483‑3p using 
TargetScan. The results indicated that CCNE1 was a target of 
miR‑483‑3p (Fig. 6A). A dual luciferase reporter assay demon-
strated that miR‑483‑3p overexpression significantly reduced 
dual‑luciferase activity in the wild type group compared with 
the mutant group (Fig. 6B). These results therefore confirmed 
that CCNE1 is a target of miR‑483‑3p.

Discussion

The role of miRs as tumor suppressors targeting molecules 
and signaling pathways in breast cancer, including the lethal‑7, 
miR‑125, miR‑200, miR‑205 and miR‑206 families, has 
been previously suggested (15). miR‑483‑3p has also been 
reported to be associated with breast cancer and may be a 
featured biomarker in breast cancer when using an miRNA 
microarray (16).

Figure 4. Overexpression of miR‑483‑3p inhibits the expression of CCNE1, CDK2, and NPAT mRNA and protein. MCF‑7 cells were transfected with 
miR‑483‑3p mimics. The expression of (A) CCNE1 (B) CDK2 and (C) NPAT mRNA was measured using reverse transcription‑quantitative polymerase chain 
reaction. (D) The expression of CCNE1, CDK2, NPAT and p‑NPAT protein was measured using western blotting. Data are expressed as the mean ± standard 
error of the mean and experiments were repeated in triplicate. **P<0.01 vs. the mimic‑con group. miR‑483‑3p, microRNA‑483‑3p; CCNE1, cyclin E1; CDK2, 
cyclin‑dependent kinase 2; NPAT, nuclear protein ataxia‑telangiectasia; p, phosphorylated mimic‑con, mimic‑control group.

Figure 3. Overexpression of miR‑483‑3p inhibits MCF‑7 cells in the G1 phase from progressing to the S phase. (A) Cell cycle was analyzed using flow 
cytometry. (B) Percentage of cells in the G0/G1, S, and G2/M phases. Data are expressed as the mean ± standard error of the mean and experiments were 
repeated in triplicate. **P<0.01 vs. mimic‑con G0/G1 phase. miR‑483‑3p, microRNA‑483‑3p; mimic‑con, mimic‑control group.
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miR‑483 was initially identified in the human fetal liver (16) 
and is located within intron 2 of the insulin‑like growth 
factor 2 locus (17). It serves important roles in the mechanism 
of many diseases, including alcoholic hepatitis (18), diabetic 
cardiomyopathy (19), ovarian carcinoma (20) and pancreatic 
cancer (21). In the present study, the effect of miR‑483‑3p in 
breast cancer was investigated and the results demonstrated 
that miR‑483‑3p was downregulated in breast cancer cell lines, 
especially in MCF7 cells. These results suggest the potential 
tumor suppressor function of miR‑483‑3p. Therefore, MCF7 
cells were transfected with miR‑483‑3p mimics and it was 
demonstrated that overexpression of miR‑483‑3p decreased 
cell proliferation and suppressed cell migration.

It was also demonstrated that miR‑483‑3p overexpres-
sion suppressed MCF‑7 cells in the G1 phase from entering 
the S phase. CCNE1 forms a complex with CDK2 and 

CCNE1‑CDK2 regulates the cell cycle, as it is a key kinase 
complex in G1‑S transition (22). It induces cells to initiate DNA 
synthesis via phosphorylation of their downstream substrates, 
including NPAT, thereby allowing cells to irreversibly enter 
the S phase (23). Hence, to further investigate the effects of 
miR‑483‑3p overexpression on the cell cycle, the expres-
sion of CCNE1, CDK2 and p‑NPAT protein was detected 
using western blot analysis. The results demonstrated that 
miR‑483‑3p overexpression markedly reduced the expression 
of CCNE1, CDK2 and p‑NPAT protein.

Cyclin E1 is encoded by the CCNE1 gene (Gene ID: 
898) and belongs to the cyclin family (11). Bioinformatics 
analysis predicted that the CCNE1 gene was a target gene 
of miR‑483‑3p. In addition, the results of the dual‑luciferase 
reporter assay indicated that CCNE1 is a direct target of 
miR‑483‑3p.

Figure 6. CCNE1 is the target gene of miR‑483‑3p. (A) Predicted WT miR‑483‑3p binding sites at the 3'‑UTR of CCNE1. (B) Dual luciferase reporter assay 
indicated miR‑483‑3p bound directly to the 3'‑UTR of CCNE1. Data are expressed as the mean ± standard error of the mean and experiments were repeated 
in triplicate. *P<0.05 vs. 3'UTR‑MUT. CCNE1, cyclin E1; miR‑483‑3p, microRNA‑483‑3p; UTR, untranslated region; R‑luc, Renilla luciferase; NC, negative 
control; WT, wild type; MUT, mutant.

Figure 5. Overexpression of miR‑483‑3p decreases the migration ability of MCF‑7 cells transfected with miR‑483‑3p mimics. (A) Images of wound healing 
assay (magnification, x100) and (B) quantification of the wound healing assay. (C) Images of the Transwell assay (magnification, x200) and (D) quantification 
of the Transwell assay. **P<0.01 vs. the mimic‑con group. Data are expressed as the mean ± standard error of the mean and experiments were repeated in 
triplicate. miR‑483‑3p, microRNA‑483‑3p; mimic‑con, mimic‑control group.
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In conclusion, the results of the present study indicated 
that miR‑483‑3p is a key factor in breast cancer and inhibits 
G1‑S transition in the cell cycle of MCF‑7 cells. These findings 
suggest that miR‑483‑3p has a tumor suppression role in breast 
cancer and CCNE1 is its direct target. Therefore, miR‑483‑3p 
may be a novel therapy for the treatment of breast cancer.
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